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AVENTIS BEHRING GMBH 1999/Z013 - Ma 1219 - C46 



Use of antithrombin III for the prophylaxis and therapy of diseases 

The invention relates to the use of antithrombin lli for the prophyiaxis and 
therapy of diseases. 

It is known that antithrombin lli (AT) is one of the most important inhibitors 
of plasma. As a serine protease inhibitor, AT III regulates reactions of the 
clotting system. Owing to its property of binding heparin and substances 
reiated to this, it mediates both the anticoagulant action of such 
anticoaguiants and a protective effect of the endothelium and the matrix 
iying under it, which carry glycosaminoglycans which are structurally similar 
to heparin, such as heparan sulfate. The activation of the AT ill by these 
cofactors leads to an acceleration of the reaction with activated proteases, 
especially with those of the clotting cascade. 

The property of binding to heparin is often also utilized to enrich AT III, for 
example from plasma, and to prepare appropriate concentrates for 
prophylactic and therapeutic use. Patients having inherited or acquired AT 
III deficiency states are particularly treated with appropriate products. A 
significant lack of AT III, particularly during diseases such as sepsis, which 
is often accompanied by disseminated, intravasal clotting (DIG), associated 
with a multiorgan failure and shock, often leads to death. In addition to the 
hemostasis-regulating function of AT III, properties have also already been 
described which suggest an anti-inflammatory action (1). This hypothesis is 
based on the finding of the release, mediated by AT III, of prostacyclin from 
endothelial cells, which inhibits, inter alia, the aggregation of blood 
platelets. 

Moreover, it was shown in in vitro experiments that AT III can reduce the 
release, stimulated by bacterial lipopolysaccharides, of the cytokine 
interleukin-6, which is regarded as proinflammatory, and the expression of 
tissue thromboplastin (tissue factor) from monocytes and endothelial cells. 
In animal models, the administration of AT III showed significant. 
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prophylactic and therapeutic effects on mortality in the case of induced 
sepsis and DIG. Moreover, the reperfusion damage after artificially added 
ischemia as a result of ligation of organ vessels was decreased. 

The effects mediated by AT III can be explained to date by its interaction 
with its target proteases, soluble and cell- or matrix-bound 
glycosaminoglycans being involved. 

In many diseases, cell-mediated processes, particularly with involvement of 
leukocytes, play a crucial role. A physiologically significant extent of 
activated leukocytes contributes to the control of, for example, infection 
foci. If this reaction, however, is dysregulated, tissue damage occurs, which 
in the end can lead to organ failure and to death. 

The migration of the leukocytes is promoted by the secretion of so-called 
chemokines, which attract leukocytes along an appropriate concentration 
gradient to the target area, e.g. to a tissue lesion. Having arrived there, the 
cells are in an activated state and secrete mediators which can induce or 
increase further tissue-damaging reactions. Chemokines, such as 
interleukin-8, interact here with cell membrane receptors on leukocytes and 
other cells and induce intracellular signal reactions which cause the cell to 
mobilize and synthesise or secrete proinflammatory substances. 

Surprisingly, it has now been found that AT III can reduce or at least control 
the migration of leukocytes i.e. granulocytes, eosinophils, basophils and 
lymphocytes/monocytes in the case of stimulation or attraction by a 
chemokine such as interleukin-8. The leukocytes are influenced here in a 
manner dependent on the AT III concentration to not react or to react in a 
weakened manner to a chemokine, which corresponds to a so-called 
heterologous deactivation. From this, application possibilities emerge for 
the use of AT III in a number of diseases associated with inflammatory 
reactions. 

The invention therefore relates to the use of AT III for the prophylaxis and 
therapy of diseases, in particular of oncological diseases and diseases 
accompanying neovascularization, immune complex-mediated and 
autoimmune diseases, viral infections, fibrotic and granulomatous 
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diseases, allergic diseases, degenerative diseases of the nervous system 
and arteriosclerosis and also acute inflammatory diseases and trauma. 

Among the immune complex-mediated diseases which can be treated 
according to the invention, vasculitis and granulomatous diseases are 
particularly to be emphasized. In the case of the autoimmune diseases, 
good treatment successes are observed in the case of systemic lupus 
erythematosus (SLE), rheumatoid arthritis (RA) and pemphigus. Viral 
infections, in particular HIV too, can also be treated according to the 
invention by the use of AT III. Among the allergic diseases which can be 
treated with AT III, bronchial asthma, rhinitis, conjunctivitis and dermatitis 
can be mentioned especially. Even in the case of degenerative diseases of 
the nervous system, e.g. in Alzheimer’s disease, treatment successes are 
observed with AT III. 

The biochemical and cellular investigations carried out to date with AT III 
suggest the conclusion that AT III interacts with one or more cellular 
receptors and leads to a blockade of the chemokine receptors, particularly 
the so-called CXC receptors, which can then no longer react to 
chemokines such as interleukin-8. As a result, the chemotactic migration of 
the leukocytes to these stimuli is absent. From this, a significant in vivo 
effect can be derived in the sense of a reduction in the intensity of certain 
illnesses. 

The results available until now were obtained experimentally in ex vivo 
experiments. By incubation of granulocytes with AT III and subsequent 
attraction by interleukin-8, such as are carried out in vitro in so-called 
Boyden chambers, a significant reduction in the leukocyte migration was 
seen, from which prophylactic and therapeutic effects familiar to the person 
skilled in the art result. 

It is indeed known that AT III, in addition to the inherited and acquired 
deficiency states mentioned, can also already be employed for prophylaxis 
and therapy in the case of sepsis and DIC (1). Animal-experimental data 
moreover suggest the use for the reduction of the reperfusion damage after 
ischemia (2) or in organ transplants, whose rejection reactions were 
markedly decreased (3). 
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It was then shown according to the invention that the therapeutic and 
prophylactic application possibilities of AT III are much more extensive, 
these results being obtained both with antithrombin III purified from plasma 
and with recombinantly or transgenically obtained antithrombin III or its 
mutants or peptides derived therefrom. 

The diseases which can be treated prophylactically or therapeutically with 
AT III can be divided into 

1 . acute cell-mediated inflammatory reactions and 

2. chronic cell-mediated inflammatory reactions. 

In particular, these are to be understood as meaning: 

urticaria and angioedema 
asthma 

pulmonary emphysema 

pemphigus 

vasculitis 

graft-versus-host disease 
granulomatous inflammatory diseases 
rheumatoid arthritis 
systemic lupus erythematosus 
gout 

neutrophilic dermatoses 

fibrotic liver diseases 

inflammatory neoplasias 

diseases associated with neovascularization 

viral infections, whose mechanism of penetration into the target cells 
takes place by means of chemokine receptors, such as HIV 
neurodegenerative illnesses 

vascular inflammations, e.g. atherosclerosis, which is accompanied 
by a chemokine-mediated infiltration by leukocytes. 

Depending on the particular inflammatory reaction, AT III can be employed 
intravenously, subcutaneously, intradermally/intramuscularly or topically. 




The invention is explained in greater detail by the following example. 
Example 



Neutrophilic granulocytes were prepared from whole blood of healthy 
donors. For this, methods familiar to the person skilled in the art, such as 
separation by centrifugation in suitable media such as Ficoll, were used. 
After the subsequent lysis of remaining erythrocytes, the granulocytes were 
isolated by centrifugation again. After determination of the cell counts, the 
granulocytes were investigated without delay in the chemotaxis test. 

This test was carried out in so-called Boyden chambers. In principle, the 
method is based on attracting the cells through a membrane filter in a two- 
compartment system by construction of a chemotactic gradient. 
Customarily, the cells are in this case pipetted into the “upper” chamber, 
the chemokine into the “lower” chamber. Along the gradient, the cells 
penetrate into the pores of the filter. With a sufficiently long incubation, the 
cells migrate through the filter and are counted on its bottom or in the lower 
chamber. In the experiment described, however, the cell count of the cells 
which had migrated into the filter was determined microscopically after 
fixing and staining. The chemotactic index in this case represents the effect 
of the chemoattractant which results from the quotient of the cell counts of 
the migration induced by the chemokine and the undirected migration 
(chemokinesis). 

For the investigation of the cell migration-modulating effect, the 
granulocytes were incubated at 37°C for 15 min with increasing 
concentrations of AT. After washing the cells a number of times, these 
were employed in the chemotaxis test. The chemokines used were IL-8 (1 
nM) or C5a (0.1 nM). After incubation at 37®C for 30 min, the filter inserts 
were washed, and the cells were fixed, stained and counted. The 
chemokinesis (without attractant) and the chemotaxis with AT Ill-untreated 
cells (positive control) were also determined. The chemotactic index was 
determined as described above. 
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Each experimental series was carried out in 4 parallel batches, cells from in 
each case 3 healthy donors being used. 

The result is illustrated in the following table: 
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Table: Dose-dependent deactivation of the chemotaxis of neutrophilic granulocytes to interleukin- 

(1 nM) , Formyl -Met- Leu -Phe (10 nM) or complement 5a (0.1 nM) by AT III/Kybernin® 
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Medium served as a control; 

Kybernin vs. IL-8, p<0.0001, vs. Formyl -Met -Leu -Phe p<0.001, vs. C5a p<0.005; Kruskal -Wallis test. 
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